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1 Definition of Measures

Fold Change

The fold change measure is constructed from the gene expression profiles as follows:

fc = log2(
dt

t
),

where dt and t are the expression values for drug treated tissue and not-treated tissue, respectively. For
every gene a fold change is provided and used as a score. Thus, the set FC = (g, fcg) where g is the gene
identifier and fcg (i.e. the fold change value of gene g) is directly used for ranking.

p-value of Fold Change

The p-value is computed by using the Student t-test for paired samples. Assume there is a drug sample d
and a set of control samples C, XD is defined as the set of differences between d and C. Then the p-value
is calculated as follows:

p-value =
XD

σXD
/
√
n
,

where σXD
is the standard deviation of XD, n is the sample size. The p-value is providing whether the

average of the difference is significantly different from d. Similar to the fold change a set, FCP = (g, fcpg)
where g is a gene id and fcpg (i.e. the corresponding p-value) is used as a score to rank all genes.

PeC

The PeC measure is proposed in another study [1], which underlies the combination of different terms.
First, a highly connected protein is more likely to be essential, than a low connected one. Second, essential
proteins in the same cluster are more likely to be differentially expressed and finally, essential proteins tend
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to form densely connected networks, due to their high connectivity. The PeC measure considers these three
assumptions and calculates first the edge clustering coefficient:

ECC(u, v) =
|Nu ∩Nv|+ 1

min{du, dv}
,

where Nu (or Nv) is the set of neighbors of gene u (or v) and du (or dv) are the degree of the corresponding
gene. The ECC is a local value and represents the likelihood of two nodes to be in the same cluster. The
second component of the PeC measure is the Pearson correlation coefficient (PCC), which takes the change
in the expression value into account, i.e. evaluation of co-expression of two proteins. CMap contains one
sample for each drug treatment. Therefore the single drug treatment sample led us to use the inverse product
of FC values instead of classic PCC. Nevertheless, PCC was changed into IP as the following:

IP (gx, gy) = 1− 1

FC(gx) ∗ FC(gy)
.

From that point the probability that two proteins are clustered together is considered from a topological and
from a biological point of view. The overall probability of clustering two proteins g1 and g2 in one cluster
is defined as:

P (g1, g2) = ECC(g1, g2)× IP (g1, g2).

The PeC score for a gene g is defined as:

PeC(g1) =
∑

g2∈Ng1

P (g1, g2),

where Ng1 shows the all neighbors of protein g1.

Kernel Diffusion Ranking

The kernel diffusion ranking score uses the gene expression value of a node and neighborhood information,
the method originally was developed by Laenen et al. [2]. It applies a random walk approach, but is based
on a Laplacian matrix. Two different versions, an asymmetric and a symmetric one, are constructed that
differ in the Laplacian matrix. The asymmetric, normalized version is defined as:

La = I −D−1A.

The symmetric Laplacian matrix is defined as:

Ls = I −D−
1
2AD−

1
2 ,

where I is the identity matrix, A is the adjacency matrix of the network with entries aij = dij (the distance)
if i and j are connected, 0 otherwise. D is a diagonal matrix, defined as dii =

∑
j aij with aij ∈ A. Both

of these normalized Laplacian matrices are used for drug target prioritization in such a way, that it diffuses
differential expression values with a kernel, representing the neighborhood dependencies of the nodes within
the network. In general the kernel K can be computed as follows:

K = lim
n→∞

(I − α

n
L)n.
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Laenen et al. showed that the best results can be obtained by using α = 0.5 and n = 1, which means that
the kernel only considers direct neighbors, hence it is a local measurement. In order to obtain a score vector
for ranking of every gene, one has to multiply by the fold change data of all genes:

KDR = FC ∗K,

where FC is the vector of the fold change values of all genes corresponding to the kernel matrix K.

Correlation Diffusion Ranking

The correlation diffusion ranking is an alternative for the kernel diffusion approach, it is based on the corre-
lation of a node to its neighbors [2]. For every pair of nodes, a Pearson correlation ρ is computed:

ρi,j =
cov(wi, wj)

σwiσwj

,

where wi is a distance vector for the node i and all other nodes, σwi is the standard deviation of wi. A
threshold s is applied to filter the correlation elements of a normalized correlation matrix C:

Cij =

{ ρij∑
j ρij

∀ρij ≥ s,

0 otherwise.

In order to integrate the fold change data, the correlation matrix is multiplied by the FC vector, the final
scores of the correlation diffusion ranking are obtained by:

CDR = FC ∗ C.

Cytoscape Measures

The following measures are provided from Cytoscape tool (v. 2.8.3). These measures do not take the fold
change data into account, only network topology is considered.

Eccentricity(n) = max
n6=m
|sp(n,m)|,

where max is a function shows the maximum length of the shortest path, ignoring not reachable nodes.

Degree(n) = |N(n)|,

where N is a function returns a list of neighbors of a given node.

Clustering Coefficient(n) =
en

Degree(n)(Degree(n)− 1)
,

where en is the number of neighbors of node n, which are connected with each other.

Topological Coefficient(n) =
avg(J(n,m))

Degree(n)
,

where J(n,m) returns the number of neighbors shared by n and m. If n and m are directly connected, 1 is
added to J(n,m) value.
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Measure E
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D
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ip

tio
n

Local Radiality • • • SP

Fold change •

p-value •

Symmetric Kernel Diff. R. • • • RW

Correlation Diff. R. • • • RW

PeC • • •

Degree • •

Clustering Coefficient • •

Topological Coefficient • •

Betweenness • SP

Radiality • SP

Stress • SP

Eccentricity • SP

Supplementary Table 1: Classification and description of the measures. The Expression column indicates the consideration of
the gene expression data in the measure calculation. The Network column indicates the integration of the network topology. Local
indicates local network measures. If a measure is network dependent and not local, it is called global. The SP and RW indicate the
shortest path- and random walk-based method, respectively.
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Statistics FT FT1 PT

Total # of Drugs 551 549 514

Total # of Unique Targets 2782 195 605

Avg. # of Targets per Drug 27.8 1 5.8

Stdev. # of Targets per Drug 51.3 0 18.4

Max # of Targets per Drug 403 1 222

Total # of Drug-Target Interactions 15358 1554 2676

Coverage of Targets in PPI network 93 % 96 % 90%

Supplementary Table 2: Statistics about drug-target set used in this study. Functional targets are covered in FT and FT1. Physical
targets are represented in PT. All datasets contain around 500 drugs that have at least one known target. FT is the most comprehen-
sive functional target set in terms of total number of targets and drug-target interactions. On average 93% of all target proteins are
represented in the protein-protein interaction network.
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Supplementary Figure 1: The overlap of unique targets in three target data sets. 87 known targets are provided by all drug-target
data sets. However, 155 physical drug-targets are covered by only PT. 2224 known targets are only found in FT.
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Supplementary Figure 2: Systematic comparison of all measures from Supplementary Table 1. For the functional targets
(FT, FT1), local radiality, stress and radiality measures achieved the highest performance. Local radiality, radiality and PeC are
the best measures for the physical targets (PT). The measures are ordered by their prediction performance in the 1st percentile.
Measurements with * take fold change data into account.
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Supplementary Figure 3: ROC curves of all measures from Supplementary Table 1. Local radiality, radiality and eccentricity
achieved the highest AUC values for the functional target FT set. However, stress, betweenness and local radiality have very close
AUC values for FT1 set. Local radiality, gene expression p-value and radiality are the best measures for the physical targets (PT).
Measurements with * take fold change data into account.
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Supplementary Figure 4: The distribution of targets according to the degree. More than 82% of functional targets (FT1) have
more than 50 neighbors in the STRING network.
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